(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 359 230 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of pubficatton: 


(51) lntCl7: C21 D 1/42 


05.11^003 Bulletin 2003/45 




(86) International application number: 


(2 1 ) Application number: 01 271 1 25.5 


PCT/JPOl/11086 


(22) Date of filing: 18.12.2001 


(87) International publication number: 




WO 02/050317 (27.06.2002 Gazette 2002/26) 


(84) Designated Contracting States: 


• HINO, Yoshimichi, NKK Corporation 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo 100-0005 (JP) 


MC NL PT SE TR 


• TAGANE, Akira, NKK Corporation 




Tokyo 100-0005 (JP) 


(30) Priority: 18.12.2000 J P 2000383031 


• SEKINE, Hiroshi, NKK Corporation 


02.02.2001 JP 2001026387 


Tokyo 100-0005 (JP) 


20.04.2001 JP 2001122955 


* SUZUKI, Noritsugu, NKK Corporation 


02.07.2001 JP 2001200936 


Tokyo 100-0005 (JP) 


24.07.2001 JP 2001223527 


• WATANABE, Atsushi, NKK Corporation 


11.10.2001 JP 2001314160 


Tokyo 100-0005 (JP) 




• SUGIOKA, Masatoshi, NKK Corporation 


(71) Applicant: JFE Steel Corporation 


Tokyo 100-0005 (JP) 


Tokyo, 100-0011 (JP) 






(74) Representative: HOFFMANN - EITLE 


(72). Inventors: 


Patent- und Rechtsanwalte 


• FUJIBAYASHI. Akio, NKK Corporation 


Arabeliastrasse 4 


Tokyo 100-0005 (JP) 


81925 MCknchen (DE) 



(54) PRODUCTION METHOD FOR STEEL PLATE AND EQUIPMENT THEREFOR 



(57) The Invention relates to a method for manufac- 
turing a steel plate comprising the steps of: hot-rolling a 
steel slab to a steel plate; quenching or accelerated 
cooling the steel plate; and tempering the steel plate af- 
ter quenching or accelerated cooling by a solenoid in- 
duction heating unit, wherein the step of tempering is 



conducted by discontinuously heating the steel plate in 
two or more cycles to a target temperature. The method 
of the present Invention assures on-line tempering for 
uniformly heating over the whole thickness direction of 
steel plate without degrading the productivity and over- 
heating the surface of steel plate to above the target lev- 
el. 
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Description 
TECHNICAL FIELD 



[0001] The present invention relates to a nnethod for manufacturing a steel plate, specifically to a method for man- 
ufacturing thereof Including on-line tempering, and to an apparatus therefor 

BACKGROUND ART 



10 [0002] To attain high strength and high toughness, steel plates having 8 mm or larger thickness are usually manu- 
factured by rapid cooling of the hot rolled steel plates such as quenching or accelerated cooling, followed by tempering. 
[0003] In recent years, the quenching or the accelerated cooling is conducted at on-line basis. The tempering, how- 
ever, is given at off-line basis using a gas combustion furnace, so the tempering needs a long time and significantly 
lowers the productivity of steel plate. 

IS [0004] For improving the productivity, JP-A-4-358022. (the term "JP-A" referred herein signifies the "Japanese Patent 
Laid-open No."), proposes a method for tempering a steel plate, which method uses a quenching unit or an accelerated 
cooling unit, and a rapid tempering unit using a heating means such as electric heating, induction heating, infrared 
radiation heating, and atmosphere heating, in the manufacturing line of steel plate, thus heating the steel plate, after 
direct quenching or accelerated cooling, to a specified temperature at a heating speed of 1 ''C/sec or more, Immediately 

20 followed by cooling the steel plate at a cooling speed of from 0.05 to 20°C/sec. 

[0005] The method disclosed in JPt^-4-35B022, however, applies short time tempering by sudden rapid heating, so 
the method has problems that the surface temperature of steel plate exceeds the target level and that large temperature 
difference appears in the thickness direction of steel plate, failing in unifonr) tempering of steel plate. 



25 DISCLOSURE OF THE INVENTION 



[0006] An object of the present invention is to provide a method for manufacturing a steel plate, which method does 
not degrade the productivity and assures unlfonn tempering in the thickness direction of steel plate while avbidingtKe 
surface temperature of steel plate from exceeding the target temperature, and to provide an apparatus therefor 
30 [0007] The object is attained by a method for manufacturing a steel plate comprising the steps of: hot-rolling a steel 
slab to a steel plate; quenching or accelerated cooling the steel plate; and tempering the steel plate after quenching 
. or accielerated cooling by a solenoid induction heating unit, wherein the step of tempering is conducted by discontin- 
uously heating the steel plate in two or more heating cycles to a target temperature. 

[0008] The above-described method is realized by an apparatus for manufacturing a steel plate comprising: a heating 
35 furnace; a rolling mill; a quenching unit or an accelerated cooling unit; and two or more solenoid induction heating units, 
in this order beginning from upstream side of the manufacturing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0009] 

Figure 1 shows an example of apparatus for manufacturing a steel plate accorcling to the present Invention, 
Figure 2A and Figure 2B are the graphs showing the variations in surface temperature and thickness center tem- 
perature of steel plate with time, when the steel plate having 8 mm thbkness was heated to around 650**C in one 
and two heating cycles, respectively. 

Figure 3 is the graph showing the variations In surface temperature of steel plate with time, when the steel plate 
having 40 mm thickness was heated to 580**C in six heating cycles. - . . . 

Figure 4 shows an example of air injection pipe for cooling the width edge sections of steel plate. 
Figure 5 shows an example of water spray nozzle for cooling the width edge sections of steel plate. 

50 Figure 6 shows an example of water cooled roll for cooling the width edge.sections of steel plate. 

f=^lgure 7 is the graph showing the variations In surface temperature and thickness center temperature of steel plate 
with time, when the steel plate having 50 mm thickness was heated to around 650**C in one heating cycle. 
Figure 8 is the graph showing the variations in surface temperature and thickness center temperature of steel plate 
with time, when the steel plate having 50 mm thickness was heated to around 650*0 In four heating cycles. 

55 Figure 9 is the graph showing the variations in surface temperature and thickness center temperature of steel plate 

with time, when the steel plate having 50 mm thickness was heated to around 650**C in six heating cycles. 
Figure 1 0 is the graph showing the variations in surface temperature and thickness center temperature of steel 
plate with time, when the steel plate having 20 mm thickness was heated to around 650°C in four heating cycles 
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by reciprocating the steel plate in a solenoid induction heating unit. 

Figure 11 is the graph showing the variations In tennperatures at various positions in steel plate with time, when 
the steel plate having 40 mm thickness was heated to around 650^*0 in six heating cycles while cooling the edge 
sections thereof. 

EMBODIMENTS OF THE INVENTION 

[0010] Figure 1 shows an example of apparatus for manufacturing a steel plate according to the present invention. 
[0011 J A steel plate 2 which was hot-rolled by a hot-rolling mill 1 is quenched in a quenching unit 3 and flattened by 
a leveler 4, followed by tempering in a tempering unit 5 having six solenoid induction heating units 6-1 through 6-6. 
[0012] During tempering, the steel plate 2 is discontinuously heated to a target temperature around 650°C in two or 
more heating cycles using a part or whole of the six solenoid induction heating units 6-1 through 6-6 so that the surface 
temperature should not exceed'the target temperature and that the uniform heating should be conducted in the thick- 
ness direction of steel plate. 

[0013] Figure 2A and Figure 2B are the graphs showing the variations in observed surface temperature at width 
center section of steel plate and in calculated thickness center temperature thereof with time, when the steel plate 
having 8 mm thickness was heated to around eSC'C in one heating cycle or two discontinuous heating cycles, respec- 
tively. In these cases, one heating cycle was conducted using the solenoid induction heating unit 6-1 applying 7.5 MW 
of power input and 1500 Hz of frequency, and two heating cycles were conducted using the solenoid induction heating 
units 6-1 and 6-2 applying 4.5 MW (6-1) and 3 MW (6-2) of power input and .1500 Hz of frequency. The travel speed 
of steel plate was 0.2 m/s for both cases. 

[0014] in one heating cycle, the surface of steel plate is overheated above the target temperature. In two heating 
cycles, however, the surface of steel plate is not overheated, and the surface and the thickness center of steel plate 
can be heated to the target temperature within short time, around 15 seconds. Consequently, the method according 
to the present invention assures unifomn tempering over the whole thickness direction of steel plate without degrading 
the productivity and overheating the surface of steel plate, if the thickness of steel plate Increases, It takes a long time 
for themnal diffusion to the thickness center, so the number of heating cycles should be increased depending on the 
thickness thereof. 

[001 5] The solenoid induction heating unit is applied as a heating unit because the unit is able to conduct accelerated 
heating and because the heat generation concentrates on the surface of steel plate, in principle, thus the heating 
condition may be easily controlled based on the surface temperature. 

[0016] If the heating in succeeding cycle is given after the surface temperature of steel plate becomes at or below 
the mean temperature of thickriess direction of steel plate after the preceding heating cycle, discontinuous heating can 
be conducted more precisely while avoiding the surface temperature from exceeding the target level. The mean tem- 
perature of thickness direction of steel plate is a temperature determined in advance by calculation on a given discon- 
tinuous heating pattern. Figure 3 is the, graph showing an example of heating the steel plate having 40 mm thickness 
to a target temperature of 580**C in six heating cycles. In this case, since succeeding heating cycle begins before the 
surface temperature of steel plate becomes the mean temperature of thickness direction thereof, the surface temper- 
ature thereof is overheated to above 600**C. 

[001 7] As shown in Fig. 1 , If the leveler 4 is applied to flatten the steel plate before applying tempering, more uniform 
heating is attained. 

[0018] On discontinuously heating the steel plate in plurality of cycles, the power applied to the solenoid induction 
heating unit and the frequency thereof may be fixed. Nevertheless, it is preferable that these variables are decreased 
at least in the latter half cycles in view of uniform heating in the thickness direction of steel plate without exceeding the 
target temperature. Specifically, for bringing the rapidness of tempering higher than the rolling pitch, it is preferable 
that the applied power is increased as far as possible within the range not exceeding the target temperature, so the 
power applied in the first half cycles is preferably brought to the maxim level, and the power applied in the latter half 
cycles is preferably decreased. 

[0019] When the frequency of the solenoid induction heating unit is brought to 200 Hz or more, unifonm heating is 
assured over a wide thickness range covering from thin steel plates to thick steel plates. In particular, when the fre- 
quency Is decreased along with the progress of heating cycles, the penetration depth of Induction current becomes 
large, and more untfonn heating in the thickness direction of steel plate is attained. Actually, the penetration depth at 
200 Hz of frequency is about 2 mm. For the case of heating the steel plate having 8 mm thickness, when the penetration 
depth exceeds 2 mm, the temperature control in the thickness direction becomes impossible. Therefore, the frequency 
has to be 200 Hz or more. Current commercial use frequencies, however, have an upper limit of around 2000 Hz. 
[0020] If the total power P applied to the solenoid induction heating unit is determined by eq.(1) given below, the 
tempering at rapidness at or shorter than the rolling pitch is available, thus giving increased productivity. 
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P □ (1/71) • p • H . W . L . Cp .(AT/At) . [(L^ + L^)/L^)/L^] • [1/(N - 

M)](1) (1) 

5 

[0021] where, t| is the heating efficiency, p is the density of steel (kg/nr^), H is the thbkness of steel plate (m), W is 
the width of steel plate (m). L is the length of steel plate (m), Cp is the specific heat (J/kg«C). AT is the necessary 
temperature rise (°C), At is the rolling pitch of steel plate (sec.), is the length of coll (m). is the distance between 
solenoid induction heating units (m), N is the nuniber of solenoid induction units, and M is the number of heating cycles. 

10 [0022] For example, on heating the steel plate having 40 mm thickness and 12000 kg weight, assuming t|=0.7, 
Cp=600 J/kg*C, AT=600*'C. At=180 sec. L^=1 m, and L^=1 m, and rf the steel plate travels in one direction through 
two solenoid induction heating units, the necessary power for one unit thereof becomes 34 MW or more. If three units 
of solenoid induction heating units are applied to heat the steet plate by traveling thereof by one and a half shuttle, the 
necessary power becomes 7.6 MW or more. In this manner, eq.(1) is applied to detemriine the power to carry out the 

IS tempering at rapidness at or shorter rolling pitch depending on the number of solenoid induction heating units. 

[0023] When a steel plate is heated by solenoid induction heating unit, the stee! plate is heated not only from top 
and bottom surfaces but also from width edge sections, so the width edge sections of steel plate are overheated 
compared with the width center section. The inventors of the present invention investigated the surface temperature 
of steel plate in the width direction thereof, and found that a width edge zone corresponding to the thickness of steel 
20 plate is overheated by about 1 .5 fold compared with the width center section. Consequently, if the tempering is con- 
ducted while cooling the width edge sections of steel plate, the overheat at the width edge sections thereof is easily 
prevented. 

[0024] According to the apparatus given in Fig. 1 , the leveler 4 is applied to flatten the steel plate before the treatment 
aiming at the uniform tempering. If a leveler is positioned after the treatment, the steel plate having excellent flatness 
25 is manufactured. 

[0025] Since the induction heating conducts heating of steel plate by charging energy from the surface thereof, the 
steel plate likely suffers nonunifonm heating in the thickness direction thereof. Accordingly, for soaking. It is necessary 
to Increase the coil length of solenoid induction heating unit as far as possible. If, however, the deflection of steel plate 
is taken into account, the distance between transfer rolls for supporting the steel plate has a limit of 1.5 m, so It is 

30 preferable that the coil length of solenoid induction heating unit is 1 . 5 m or less. 

[0026] The steel plate is cooled between heating cycles. During the cooling period, themial diffusion occurs from the 
surface of steel plate toward the thickness center thereof , thus the uniformizing in temperatures in steel plate proceeds. 
To establish unlfomn temperature in steel plate, a time depending on the thickness thereof is required. Since the thennal 
diffusion rate is almost the same between the heating period and the cooling period, the uniform heating is attained in 

35 a wide thickness range covering from thin steel plates to thick steel plates if only the distance between the solenoid 
induction heating units is kept at least to the coil length. 

[0027] According to the apparatus shown in Fig. 1 , themnometers 8 are positioned at both inlet and exit of the tem- 
pering unit. With these thermometers 8, power applied to and frequency at the solenoid induction heating unit can be 
controlled. Particulariy in the heat treatment of steel plate, since it is necessary to accurately measure the surface 
40 temperature of steel plate in view of quality, the thennometer 8 Is preferably one dimensional or two dimensional 
scanning thennometer which can measure the temperature distribution In the longitudinal direction and the width di- 
rection of steel plate at a time. 

[0028] If a means for cooling is given at inside or exit of the solenoid induction heating unit to cool the width edge 
sections of steel plate, the overheating at width edge sections can be prevented. 
45 [0029] - Examples of the means for cooling are air injection pipe shown in Fig. 4,'water spray nozzle shown in Fig. 5, 
and water cooled roll shown In Fig. 6. 

[0030] According to Fig. 4. a pair of ceramics air Injection pipes 12a and 12b, having holes 13 (each having 3 mm 
In diameter) is located facing both width edge sections of steel plate. Air is supplied from air supply pipes 14 to the air 
injection pipes 12a and 12b, and the cooling air is unifomily ejected from the holes 13 against the width edge section 
50 of steel plate. The flow rate of air is controlled by flow regulator valve, thus the cooling capacity is controlled. 

[0031] According to Fig. 6. a pair of upper and lower water spray nozzles 1 6 Is located in the vicinity of each width 
edge section of steel plate between the solenokj induction heating units 6. In addition, air Injection nozzles 17 and 
dewatering rolls 1 8 are mounted to conduct dewatering to avoid the cooling water ejected from the water spray nozzles 
16 from coming near the coil. 

55 [0032] According to Rg. 6, plurality of vertical rolls 19, inside of which is cooled by water, or water cooled rolls 19. 
are located between the solenoid induction heating units. By pressing the water cooled rolls 19 against respective 
width edge sections of the steel plate 2, the width edge sections thereof are cooled. 

[0033] The condition for cooling the width edge sections by the means for cooling is controlled by determining the 
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temperature rise curve in the vicinity of width edge sections based on the temperature rise curve near the width center 
section, which was determined by numerical calculation in advance using the values of width, thickness, and travel 
speed of steel plate to be treated, in such a way that the temperature at corners of width edge sections should not 
exceed the target temperature. 

5 [0034] With the tempering unit 5 shown in Fig. 1 , the steel plate 2 may be discontinuously heated by moving the 
steel plate 2 in one direction. Similar heating can be attained, however, by reciprocating the steel plate 2 In the tempering 
unit 5. Particularly for thick steel plates, discontinuous heating in plurality of cycles is required. However, heating under 
reciprocating travels of steel plate can reduce the number of solenoid induction heating units. The tempering unit 5 is 
provided with six solenoid induction heating units. At least two solenoid induction heating units can treat a wide thickness 

^0 range of steel plates covering from thin steel plates to thick steel plates. Particularly for thin steel plates, two or more 
of solenoid induction heating units are necessary because the temperature reduction between heating cycies is sig- 
nificant. 

Embodiment 1 

IS 

[0035] With the steel plate manufacturing apparatus shown in Fig. 1 , the steel plates 2 having 50 mm thickness, 
which were hot-rolled by the hot-rolling mill 1 , were cooled by water in the quenching unit 3 to 30®C. Each of the cooled 
steel plates 2 was flattened by the leveler 4, and then was tempered at 650*'C under the respective conditions given 
in Table 1 using six solenoid induction heating units 6-1 through 6-6. The frequency of each solenoid Induction heating 

20 units was fixed to 1 000 Hz. 

[0036] Comparative Example used only the solenoid induction heating unit 6-1 to heat the steel plate to 650°C of 
the surface temperature in one heating cycle. As shown in Fig. 7, the surface temperature becamie 650**C. within 30 
seconds, giving the thickness center section temperature of 400.°.C, After that, both the surface and the thickness center 
section of the steel plate became around SOO^C, not reaching the target temperature of 650°C. 

25 [0037] Example 1 used the solenoid induction heating units 6-1 through 6-4 to heat the steel plate to esO^'C of the 
surface temperature In four heating cycles. As shown in Fig. 8, the surface temperature became 640*C within 200 
seconds, giving the thickness center section temperature of esC'C. Thus, the steel plate was almost uniformly heated 
to the target temperature in. the thickness direction thereof. 

[0038] Example 2 used the solenoid induction heating units 6-1 through 6-6 to heat the steel plate to 650^*0 of the 
30 surface temperature in six heating cycles. As shown in Fig. 9, the surface temperature became 650'*C within 200 
seconds, giving the thickness center section temperature of 640''C. Thus, the steel plate was uniformly heated to the 
target temperature In the thickness direction thereof. 



Table 1 





Travel speed (m/s) 


Power applied to Induction heating unit (MW) 


6-1 


6-2 


6-3 


6^ 


6-5 


6-6 


Comparative Example 


0.53 


10 












Example 1 


1.56 


10 


5 


6 


3 






Example 2 


2.76 


10 


10 


8 


8 


6 


4 



Embodiment 2 

[0039] With the solenoid induction heating units 6-1 through 6-6. siniilar with Example 2 of Embodiment 1 , steel 
plates having 50 mm thickness were heated to BSO'^C of surface temperature in six heating cycles while varying the 
power applied to and the frequency of each solenoid induction heating unit as shown In Table 2. The travel speed of 
the steel plates was fixed to 2.76 m/s. ^ 

[0040] Also in this Embodiment, almost the same result as in Fig. 9 was attained, giving unifomi heating to the target 
temperature in the thickness direction of steel plate. 



Table 2 





Induction heating unit 


5-1 


6-2 


6-3 


6-4 


6-5 


6-6 


Power input (MW) 


10 


10 


8 


8 


8 


6 


Frequency (Hz) 


2000 


1000 


200 


200 


200 


200 
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Embodiment 3 

[0041] With the apparatus for manufacturing a steel plate shown in Fig. 1 , the steel plates 2 having 20 mm thickness 
and 10 m length, after hot-rolled by the hot-rolling mill 1 , were cooled by water to SC'C by the quenching unit 3. Each 
of the cooled steel plates was flattened by the leveler 4, then was traveled by one and a half shuttle through the solenoid 
induction heating units 6-1 through 6-3. In other words, the steel plate was heated in nine heating cycles to apply 
tempering at 650**C. The power applied at each heating cycle is given in Table 2. The travel speed of the steel plate 
was 0.17, 0.30, and 0.30 m/s, respective to the going, coming, and going. The frequency of each solenoid induction 
heating unit was fixed to 1 000 Hz. In shuttle movements, 3 s of stop-interval were adopted between movements. 
[0042] Figure 1 0 Is the graph showing the variations in surface temperature and In thickness center temperature of 
steel plate with time at front end of the longitudinal direction of steel plate. 

[0043] Both the surface temperature and the thickness center temperature of steel plate were heated to 650°C almost 
at the same time. 



Table 3 



Travel direction 


Power applied to induction heating unit (kW) 


6-1 


6-2 


6-3 


6-4 


6-5 


6-6 


Going 


4000 


3800 


3000 








Coming 


1800 


2200 


2500 








Going 


1000 


600 


200 









Embodiment 4 

[0044] With the apparatus for manufacturing a steel plate shown In Fig. 1 , the steel plates 2 having 40 mm thickness, 
after hot-rolled by the hot-rolling mill 1 , were cooled by water to 30°C by the quenching unit 3. Each of the cooled steel 
plates was flattened by the leveler 4, then was tempered at 650**C under the respective conditions given in Table 4 
applying the tempering unit 5 having six solenoid Induction heating units 6-1 through 6-6. The travel speed of the steel 
plate was fixed to 0.04 m/s, and the frequency of each solenoid induction heating unit was fixed to 1000 Hz. The air 
injection pipes shown in Fig. 4 were arranged Inside of each of solenoid induction heating units 6-1 through 6-4 and 
between each neighboring pair of the solenoid induction heating units 6-1 through 6-5 to eject air against the width 
-edge section of steel plate under the conditions given in Table 4. 

[0045] Figure 11 is the graph showing the variations in temperatures at four positions in steel plate at 10 m from 
longitudinal front end of steel plate with time. The four points were namely© surface at width center section, @ 
thickness center, @ a comer at width edge section, and® thickness center section. 

[0046] At the comer of width edge section, no superheating largely exceeding 650®C occurred, and the temperatures 
at each observed section increased to 650**C within short time around 200 s. 



Table 4 





Induction heating unit 


Between induction heating units 


6-1 


6-2 


6-3 


6-4 


6-5 


6-6 


1-1 


2-3 


3^ 


4-5 


Power input 
(kW) 


8000 


3000 


1400 


700 


400 


250 










Air pressure (kg/ 
cm^G) 


0.3 


0.15 


0.1 


0.08 






0.3 


0.15 


0.08 


0.05 


Expression "1-2" of the column "Between induction heating units" means the distance 
and the unit 6-2. 


between the unit 6-1 



Claims 

1. A method for manufacturing a steel plate comprising the steps of: 

hot-rolling a steel slab to a steel plate; 

quenching or accelerated cooling the steel plate; and * 



6 



EP 1 359 230 A1 



tempering the steel plate after quenching or accelerated cooling by a solenoid induction heating unit, 

wherein the step of tempering is conducted by discontinuously heating the steel plate in two or more heating cycles 
to a target temperature. 

2. The method for manufacturing a steel plate of claim 1 , wherein heating the steel plate in each heating cycle in the 
step of tempering begins after the surface temperatures of the steel plate in preceding heating cycle becomes at 
or lower than the mean temperature in the thickness direction of the steel plate. 

3. The method for manufacturing a steel plate of claim 1 further comprising the step of flattening the steel plate 
between the step of quenching or accelerated cooling and the step of tempering. 

4. The method for manufacturing a steel plate of clainn 1 , wherein the step of tempering is carried out by reducing 
the entering electric power to the solenoid induction heating unit at least in latter half cycles. 

5. The method for manufacturing a steel plate of claim 1 , wherein the step of tempering is carried out by reducing 
frequency of the solenoid induction heating unit at least in latter half cycles. 

6. The method for manufacturing a steel plate of claim 1 , wherein the step of tempering is carried out at 200 Hz or 
higher frequency of the solenoid induction heating unit. 

7. The method for manufacturing a steel plate of claim 1 . wherein the step of tempering is carried out by cooling width 
edge sections of the steel plate. 

8. An apparatus for manufacturing a steel plate comprising: a heating furnace; a rolling mill; a quenching unit or an 
accelerated cooling unit; and two or more solenoid induction heating units, in this order beginning from upstream 
side of the manufacturing process. 

9. The apparatus for manufacturing a steel plate of claim 8 further comprising a leveler positioned between the 
... quenching unit or the accelerated cooling unit and two or more solenoid induction heating units. 

10. The apparatus for manufacturing a steel plate of claim 8 further comprising a leveler positioned at downstream 
side of the two or more solenoid induction heating units. 

11. The apparatus for manufacturing a steel plate of claim 8, wherein individual solenoid induction heating units are 
located at inten/als of coil length or longer distance. 

1 2. The apparatus for manufacturing a steel plate of claim 8 further comprising a means for cooling positioned at inside 
or exit of each solenoid induction heating unit to cool width edge section of the steel plate. 

13. The apparatus for manufacturing a steel plate of claim 12, wherein the means for cooling is the one selected from 
the group consisting of air injection pipe, water cooled roll, and water spray nozzle. 



EP 1 359 230 A1 




8 



EP 1 359 230 A1 



Fia2A 



lU 

cr 

ui 
a 
S 
iii 




SURFACE 
TEMPERATURE 

THICKNESS 
. CENTER 

TEMPERATURE 



Fia 2B 



tu 

CC 

OC 

Iii 
s 

UJ 




SURFACE 
"TEMPERATURE 

THICKNESS 

CENTER 

TEMPERATURE 



0 2 4 6 8 10 12 14 16 18 20 

TIME (S> 



9 



EP 1 359 230 A1 



Fias 




.14 14 



10 



SOOCID:«EP 



EP 1 359 230 A1 



Fias 




19 .1? 19 19 



11 



EP 1 359 230 A1 



Fia? 



UI 
K 
3 



UI 

s 

UI 



700 
600 
500 
400 
300 
200 
100 
0 





J ^ 




























• 

• 








* 

















SURFACE 
TEMPERATURE 

IMICKNESS 

CENTER 

TEMPERATURE 



50 



100 
TIME (S) 



150 



200 



FI&8 




SURFACE 
•TEMPERATURE 

CENTER 
TEMPERATURE 



100 150 

TIME (S) 



200 250 



12 



l5DOCID:<£P 135923041 I > 



EP 1 359 230 A1 



Fia9 



700 

■p 600 

uj 500 

oc 

3 400 
5 

cc 

UJ 

a. 



lU 

I- 



300 
200 
100 
0 





















*•* 














• 








• 
* 
• 
• 








• 

* 









SURFACE 
TEMPERATURE 

THICKNESS 

CENTER 

TEMPERATURE 



50 100 150 
TIME (S) 



200 




>tSDOCfD: <EP 1359230A1 J_> 



13 



EP 1 359 230 A1 



FIG 11 



900 




TIME (S) 



ISOOaD: <EP 13S923aA1. t > 



14 



EP 1 359 230 A1 



INTERN/VTIOI^ SEARCH REPORT 



International application No. 

PCT/JPOl/11086 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI' C21D1/42 

According to Intemations] Patent Classification (IPC) or to both national classification and IPC 



B. FIEIDS SEARCHED 



Minimnm docmnentBtion searched (classification system followed by classification symbols) 
•Int. CI"' .C21D1/1B, 1/42, 8/02, 9/60 



Docuroentation searched otiier than nunimum daciinientatii»i to the extent that such documents are inchtded in flie fields seaiched 
Jitsuyo fftriTwn Ktiho 1926-1996 TtaccJaa Jitsiiyo flVt-tnan Rcto 1994-2002 

Kdkai Jitsiiyo .qhimn Kdho 1971-2002 Jitisi^ gH-fr^ pi n Tbrdkn Kctoo 1996-2002 



Electronic data base consulted during the tntemational search (name of data base and, mdieie practicable, search terms used) 



C MCUMENTS CONSIDERED TO BE RELEVANT 



Ostegory* 



Citation of document, with indication, where appropriate, of fiie relevant passages 



Relevant to claim No. 



Y 
A 

Y 
A 



JP, 3015923, B2 (Nippon Steel Corp.), 
24 December, 1999 (24.12.99), 
Claims ; Fig . 2 
( Fami ly : none > 

JP, 51-9176, B2 (Nippon Steel Corp.), 
24 March, 1976 (24.03.76), 

Claims; column 5, line 16 to column 6, line 21; 

Figs .2,4 

( Fami ly : none ) 

Microfilm of the specification and dx-awings 
annexed to the request of Japanese Utility model 
Application No. 130232/19B1 (Laid-open Mo. 
35794/1983). 

(Sumitomo Metal Industries , Ltd.), 
08 March, 1983 (08.03.83), 

Page 3, line 14 to page 4, line 2; Fig. 2 
(Family: none) 



1,3, 6-13 
2,4,5 

1,3,6-13 
2,4,5 

3,9 



pn FnHher documents are listed in ttecontinuBtion of Box C See patent issnQy annex. 



of cited ^ 

'A* doomeat definng fbe general stBto of flie an wbicdi is not 

c oTtt i dCT ed to of pazticulBr reievanoe 
E* earlier docmnaitlNit published on or after Qk iniecn^unuil filmg 
date - 

*L* docunmtwfaichni2y1hruwdatibtsaDprioifi|yclsini(s)orwhicbi5 
cited to establisb the publication date of BnoQier dtatioa or otter 
special reason (as sp^iSed) 

document te&ijuig to an oral disclutuid ose, eadifbillan or O&ex 



'P* doaimnnt pufafished prior to Che mtemational filing date but later 
flan the priarity date cisxnied 



*T* later docnnamt i mWi ii h Rd after fee iate maii t mi i] fiKng date or 
priarity date and not in caaflict with fee ejiphcation but cited to 
understand fee principle or feeory undsrlyiog fee invention 

*X* document of partzcular rcievzncc; the dairned invention cannot be 
considered novel or cannot be considered to involve on inventive 
step whcD the doc m neut is taken alone 

"Y* doounnmofparticularreievasce; the daimed invention eannot be 
considered toinvohran inventive step ^«tm ti»doeoBKnt is 
combined vn± one or more ofeer such documents, such 
condrination being obvious to a person skilled in fee art 
document nieii i b e i of fee same patent famfly 



Date of Che actual oompletion of the inteniational search 
05 March, 2002 (05.03.02) 



Date of mailing of the intematxanal seardi itport 
19 March, 2002 (19.03.02) 



Kame snd maiHng address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 
TelqiboneNo. 



FonnPCT/ISA/230 (second shee^uly 1998) 



15 



4SDOCID:<EP 



135923QA1 I 



EP 1 359 230 A1 



INIHRNATIONAL SEARCH REPORT 



Intematioiial application No. 

PCT/JPOl/11086 



C (Continuation). IXXXJMEhrrS CONSIDERED TO BE RELEVANT 



Category* 



Citation of docunmt, wift indication, where app joj itiate, of the r^evant passages 



Relevant to claim No. 



iTP, 41-16843, Bl (Konan Koshuha Kogyo K.K.), 

24 September, 1966 (24.09.66), 

Claims; page 1, left colunin^ line 26 to right 

coluran, line 14; Figs. 1, 2 

( Fami ly : none ) 



10 



FotuPCT/ISA/ZIO (continuation of secSid sheet) (July 1998) 



16 



ISDOaD:<EP 135923aAl I > 



